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Abstract 

Potential markers for progression of pulmonary squamous cell carcinoma (SCC) were identified by examining samples of 
lung SCC and adjacent normal tissues using a combination of fluorescence two-dimensional difference gel electrophoresis 
(2D-DIGE), matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF-MS), and electrospray 
ionization quadrupole-time of flight mass spectrometry (ESI-Q-TOF). The PANTHER System was used for gel image based 
quantification and statistical analysis. An analysis of proteomic data revealed that 323 protein spots showed significantly 
different levels of expression (P<0.05) in lung SCC tissue compared to expression in normal lung tissue. A further analysis of 
these protein spots by MALDI-TOF-MS identified 81 different proteins. A systems biology approach was used to map these 
proteins to major pathways involved in numerous cellular processes, including localization, transport, cellular component 
organization, apoptosis, and reproduction. Additionally, the expression of several proteins in lung SCC and normal tissues 
was examined using immunohistochemistry and western blot. The functions of individual proteins are being further 
investigated and validated, and the results might provide new insights into the mechanism of lung SCC progression, 
potentially leading to the design of novel diagnostic and therapeutic strategies. 
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Introduction 

Lung cancer is the leading cancer-related cause of death 
worldwide in both men and women. In China, the mortality rate 
for lung cancer has increased by 465% during the last 30 years, 
making it the most deadly of all malignant tumors. Despite 
advances in treatments such as surgery, chemotherapy and 
radiotherapy, the clinical prognosis for patients with lung cancer 
remains poor, and the overall 5-year survival rate is only 10-15% 
[1]. This is because at the time of diagnosis, most lung cancer 
patients present with an advanced stage of disease. Therefore, 
there is an urgent need to identify biomarkers that are useful for 
detection of early-stage lung cancer, and developing a prognosis 
for long-term survival of patients. Recently, novel technology 
linked to development of the human genome database, e.g. 
proteomics, has been utilized to identify protein biomarkers 
associated with tumor development and progression. Two- 
dimensional differential in-gel electrophoresis [2-5] (2D-DIGE), 
is an advanced quantitative proteomics technology which offers 
higher sensitivity, accuracy, and resolution compared with 
traditional two-dimensional polyacrylamide gel electrophoresis 
(2-DE). This method is used to pre-label different protein samples 



with fluorescent cyanine dyes (Cy2, Cy3, and Cy5) prior to 
separation by 2-DE. Therefore, different samples can be labeled 
with different dyes and separated in the same 2D gel; also, the 
same internal standard can be used in every gel so as to avoid 
intergel variation. Thus, 2D-DIGE can be used to obtain an 
accurate and reproducible quantitation of differences between 
samples [4]. 

In the present study, we investigated the proteome of 
pulmonary squamous cell carcinoma, and compared its profile 
to that of adjacent histologically normal tissue by using a 2-D 
differential in-gel electrophoresis (2D-DIGE) system for protein 2- 
D electrophoresis [5], matrix-assisted laser desorption/ionization 
time of flight mass spectrometry (MALDI-TOF-MS), and electro- 
spray ionization quadrupole-time of flight mass spectrometry (ESI- 
Q_-TOF) for protein identification. The differentially expressed 
proteins were analyzed using bioinformatic approaches, and 
further validated by western blot and immunohistochemical 
(IHC) assays. The goal of our study was to identify differentially 
expressed proteins that could serve as novel biomarkers for lung 
cancer. Although the proteomics profile of non-small cell lung 
cancer (NSCLC) tissue has been previously reported [6-9] , due it's 
the variability and low reproducibility of the findings, no final 
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conclusions had yet been reached until now. In this study, we used 
samples of human clinical cancer tissue to investigate the protein 
profile of SCC tumors. Our results identified 81 differentially 
expressed proteins, 1 9 of which are been linked to lung cancer for 
the first time by our research group, and 9 novel proteins which 
had not been previously reported. Our results provide important 
supplemental data in the area of cancer proteomics. 

Material and Methods 

Clinical Samples 

The protocol for this study was approved by the Medical Ethical 
Committee of Dalian Medical University, China, and all tissue 
samples and patient data were obtained after receiving written 
informed consent. Whole tissue samples used for analysis of 
protein expression were collected during surgeries performed on 
patients (6 males and 1 female) aged 36 to 67 years in the 
Department of Thoracic Surgery at the First Affiliated Hospital of 
Dalian Medical University from 2004 to 2006. The patients had 
not received preoperative therapy for their disease. Lung SCC 
samples and paired samples of adjacent normal bronchial 
epithelial tissue were removed, immediately placed in liquid 
nitrogen, and stored at — 80°C. Tissue samples used for tumor 
classification were fixed in formalin and embedded in paraffin. 
Then, 5 |J,m frozen sections prepared from tissue blocks were 
briefly placed in ethanol, stained with hematoxylin and eosin, and 
subsequently histologically analyzed by a pathologist. Pathological 
staging was determined according to the latest TNM-classification 
system [10], and tumor grading was done according to Fuhrman 
[11]. Additionally, 20 pairs of SCC and adjacent normal tissue 
samples were subjected to western blot, and 104 samples of lung 
cancer tissue and 25 samples of normal tissue were subjected to 
IHC analysis. These samples were obtained from 44 female and 60 
male volunteers (age range: 28-84 years, mean: 61 years) with 
different stages (20 with stage I, 34 with stage II, 50 with stage III) 
and grades (14 with G III, 47 with G II, and 43 with G I) of 
disease. 

Serum samples for ELISA analysis were obtained from the 
Department of Thoracic Surgery at the First Affiliated Hospital of 
Dalian Medical University in 2013. These samples were obtained 
from a total of 150 lung cancer cases, which included 35 squamous 
cell carcinoma patients, 110 adenocarcinoma patients, 4 small cell 
carcinoma patients, and 1 polymorphic cell carcinoma patient, as 
well as 150 healthy donors. None of these patients had received 
preoperative therapy. 

Protein isolation 

Proteins were isolated as described by Yu, LR [12]. Frozen 
tissue samples (50 g) were ground into fine powder on ice and 
homogenized in 300 uL of lysis buffer (Tris 30 mM, thiourea 2 M, 
urea 7 M, CHAPS 4% w/v, proteinase inhibitors 20 uL). The 
ground tissues samples were then solubilized by sonication (GE 
Healthcare Life Sciences, USA) on ice for 1 min and centrifuged 
at 12,000 rpm for 10 min at 4°C. Foreign substances were 
removed from the protein containing supernatant fractions 
(100 uL) according to a protocol included with a Clean-up kit. 
Total protein concentrations were determined using a quantitative 
2D-Quant kit (GE Healthcare Life Sciences), and supernatant 
fractions were stored at — 80°C. 

Cy-dye labeling 

The pH value of each supernatant sample was adjusted to 8.5 
by addition of 50 mmol/L NaOH. Then, 50 ug samples of lung 
SCC and paired normal sample lysates were labeled with Cy3 



(500 pmol) and Cy5 (500 pmol), respectively. A mixture contain- 
ing equal amounts of each protein sample was labeled with Cy2, 
and served as an internal standard to reduce intergel variation. 
Samples were reverse-labeled to eliminate both sample-dependent 
and dye-dependent bias. The labeling process was carried out in 
the dark and on ice for 30 min, and terminated by addition and 
reaction with 10 nmol lysine for 10 min under the same 
conditions. 

2D-DIGE 

Aliquots containing 150 ug of unlabelled protein pooled from 
equal amounts of samples were mixed with the Cy-dye labeled 
proteins described above. The mixtures were filled to a final 
volume of 450 uL by addition of a 2-fold volume of same buffer 
(2% carrier ampholyte 3-10, 2% DTT, 8 mol/L urea, 4% 
CHAPS, 2% IPG buffer) and IPG rehydration buffer (20 mmol/L 
DTT, 8 mol/L urea, 2% CHAPS, 1% IP buffer). After 
rehydration overnight, isoelectric focusing was carried out for a 
total of 74.5 kVhr. Subsequently, the IPG strips were soaked in 
20 mL of solution A (6 mol/L urea, 50 mmol/L Tris-HCI, 30% 
glycerol, 2% SDS, 0.5% DTT, pH = 8.0) for 10 min for the first 
step of equilibration, and then soaked in 20 mL of solution B 
(0.5% DTT in solution A was replaced by 4.5% IAM 
(iodoacetamide)) for 1 0 min for the second step of equilibration, 
with both steps being protected from light. The strips were then 
placed on vertical SDS-PAGE gels and fixed with 12.5% agarose. 
SDS-PAGE was carried out using the Ettan DALT Six 
Electrophoresis System (GE Healthcare, Life Sciences, USA). 

Scanning and image analysis 

The DIGE gels were scanned using a Typhoon TRIO laser 
scanner (GE Health Care Life Sciences). The excitation and 
emission wavelengths for Cy2, Cy3 and Cy5 were 488 nm and 
520 nm, 532 nm and 580 nm, and 633 nm and 670 nm, 
respectively. The images of protein spots in each gel were 
detected, quantified, and normalized for intensity by analysis using 
DeCyder Differential Analysis software 5.0 (GE Healthcare Life 
Sciences). A differential in-gel analysis (DIA) module was used to 
detect the merged images of Cy2, Cy3, and Cy5 on each gel, while 
a biological variation analysis (BVA) module was used to 
automatically match all protein-spot maps. The student's t-test 
was used to assess the statistical significance of differences between 
differentially expressed proteins. Based on an average spot volume 
ratio, spots whose relative expression was changed & 1.5-fold 
(increase or decrease) at the 95% confidence level (t-test; P<0.05) 
by representing a protein associated with a state of non- 
malignancy or malignancy were considered to be significant. 
The coordinates of significant spots were transferred to Deep 
Purple stained preparative gels for selection of spots for analysis by 
mass spectrometry. 

Mass spectrometry 

Protein spots were cut from a preparative gel, in-gel digested 
with trypsin, and extracted as previously described [13]. C 18 - 
ZipTips (Millipore Billerica MA, USA) were used for MALDI 
target preparation according to the manufacturer's instructions. 
The concentrated and desalted peptides were eluted onto the 
MALDI target with CHCA matrix solution. Samples were 
analyzed to obtain their peptide mass fingerprint (PMF). The 
PMF spectra were processed using the DataExPlore software 
provided with the equipment, and the generated data were 
subsequently analyzed using the Mascot database (http:// 
prospector.ucsf) and Profound database (http://129.85.19.192/ 
profoundbin/WebProFound.exe). The following database search 
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parameters were selected: the spectra were recorded in a mass 
range of 800 to 4000 Da; the error range of the apparent 
isoelectric point was ±0.5 pH; the error range of the apparent 
molecular weight was ±20%; fixed cysteine modification with 
carbamidomethyl; samples were derived from human beings; 
allowed non-restriction sites was 1; minimum matching peptide 
fragments was 5; trypsin fragments were run with a mass tolerance 
of 200 ppm; mass values were MH+. The proteins were 
determined based on the search results and the Ip and MW 
values in the gel. 

Bioinformatics analysis of proteomic data 

For protein identification, peak lists were correlated with the 
PANTHER database [14] (http://www.pantherdb.org/) using the 
MF pie chart, CC pie chart, PC pie chart, and Pathway pie chart 
for analysis. 

Western blot 

Samples of lung SCC tissue (50 mg) and paired normal tissue 
were lysed in 300 uL protein lysis buffer containing PMSF (100:1) 
on ice, and then centrifuged at 12,000 rpm for 20 min at 4°C. 
Supernatant samples containing 50 u.g of protein were separated 
by 12% SDS-PAGE gels and then transferred onto a nitrocellulose 
membrane. The membranes were blocked with 5% defatted milk 
for 1 h at room temperature, and then incubated with primary 
antibody rabbit anti-human SAP polyclonal antibody 1 : 1 000 
(Abeam Cambridge MA, USA), mouse anti-human apoAl 
polyclonal antibody 1:500, and mouse anti-human actin mono- 
clonal antibody 1:3000 (Proteintech Group Inc. Chicago IL, USA) 
overnight at 4°C. Excess antibodies were removed by washing 
with TBST. Incubation with secondary antibodies (anti-mouse 
1:2000, anti-rabbit 1:2000) was performed for 1 h at 37°C. The 
signals were detected using the electrogenerated chemilumines- 
cence (ECL) visualization method, and the emitted light was 
captured by a Labwork gel imaging system (Bio-Rad Hercules CA, 
USA). 

Immunohistochemistry 

Paraffin embedded tissue sections were dried overnight at 60°C, 
deparaffinized in xylene, and rehydrated through graded alcohols 
into water. Endogenous peroxidase activity was blocked by 
incubation with 3% hydrogen peroxide for 10 min. Microwave 
antigen retrieval was performed using EDTA for 20 min at 
temperatures of 65~98°C in a microwave oven. Goat serum was 
used as the blocking reagent for 10 min at room temperature. The 
sections were incubated with primary antibody (rabbit anti-human 
SAP polyclonal antibody 1:1000 (Abeam), rabbit anti-human 
apoAl polyclonal antibody 1:1000 (Proteintech Group, Inc.)) 
overnight at 4°C. Biotinylated secondary antibody and horserad- 
ish peroxidase-conjugated antibody were added for 20 min at 
room temperature and stained by DAB (ZSGB-BIO; Beijing, 
China) reagent for 5 min. Tissues used as negative controls were 
subjected to distilled water washing, hematoxylin counterstaining, 
dehydration, mounting, and PBS exposure instead of staining with 
a primary antibody. 

Enzyme-linked immunosorbent assay (ELISA) 

Limosis blood was collected from a peripheral vein of each 
subject and centrifuged at 1500 rpm and 4°C for 10 min within 
1 hour of collection; the obtained serum samples were stored at — 
80°C. Serum levels of apoAl and SAP were measured by ELISA 
using a commercially available kit (Wuhan Huamei Biological 
Engineering Company Limited, China). Serum sample OD values 
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Figure 1. Representative 2D-DIGE proteome map of lung cancer tissue samples vs. benign tissue samples. (A) Representative 2D-DIGE 
gel images. The extracted proteins were labeled with fluorescent dyes and separated by 2D-DIGE. (B) A representative two-dimensional gel image. A 
total of 1 065 differentially expressed protein spots successfully identified by MALDI-TOF-MS are circled. (C) and (D): a mixture of all protein samples as 
the internal standard stained with Cy2 (blue). (E) and (F): adjacent normal tissues stained by Cy3 (green). (G) and (H): SCC tissues stained by Cy5 (red). 
doi:1 0.1 371 /journal.pone.00951 21 .g001 



were measured at 450 nm using a microplate reader (Thermo, 
USA) within 15 min to calculate the concentrations of apoAl and 
SAP. 

Statistical Analysis 

Differences between groups were evaluated using SPSS 
software. All comparisons were two-tailed, and P-values <0.05 
were considered statistically significant. 



Results 

2D-DIGE proteome map 

The proteomes of pulmonary SCCs obtained from 7 cancer 
patients and paired normal tissues were analyzed by 2D-DIGE in 
a nonlinear pi range of 3.0-10.0 and a molecular weight range of 
10 to 120 kDa. To systematically compare the performance of 
different staining methods used in differential protein profiling, a 
DIGE gel was run with an independently prepared proteome from 
a paired normal tissue stained with Cy3 (green), from SCC tissue 
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Figure 2. Classification of differentially expressed proteins according to their biological process and protein class. Pie charts display 
classification of the subset of differentially expressed proteins divided into 15 biological processes (A) and 21 protein classes (B). Molecular functions 
regulated by the differentially expressed proteins as classified by Gene Ontology. 
doi:1 0.1 371 /journal.pone.00951 21 .g002 
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Figure 3. Detailed analyses of apoAl and SAP by 2D-DIGE gel and MS. (A) 2D-DIGE gel images for apoA1 and SAP were labeled as 1 957 and 
1 854. pi and MW for spot 1 957 are 5.0 and 30 KD; pi and MW for spot 1 854 are 5.5 and 30 KD. (B) and (D): Protein waves for spots 1 957 and 1 854 in 3- 
D view show both are single peaks, which signifies high protein content. (C) Comparison of congruity of spot 1957 in tumor and benign tissues of 
non-metastasis group (SqN) and metastasis group (SqM) shows similar results. Compared to expression in SqNP, expression in SqNT was down- 
regulated 4.76-fold, P = 0.01; Compared to expression in SqMP, expression in SqMT was down-regulated 5.2-fold, P = 0.019. (E) Comparison of 
congruity of spot 1854 in tumor and benign tissues of non-metastasis group (SqN) and metastasis group (SqM) shows similar results. Compared to 
expression in SqNP, expression in SqNT was down-regulated 14.55-fold, P = 0.0025; comparing to SqMP, expression in SqMT was down-regulated 
3.72-fold, P = 0.041 . (F) The Mascot Score of spot 1 957 confirmed by MALDI-TOF-MS was 59. After hydrolysis of apoAl , the matching rate of peptides 
with the database was 1 4%. The matched peptides are shown in red (G) The Mascot Score of spot 1 957 confirmed by MALDI-TOF-MS was 1 05. After 
hydrolysis of SAP, the matching rate of peptides with the database was 27%. The matched peptides are shown in red. 
doi:1 0.1 371 /journal.pone.00951 21 .g003 



stained with Cy5 (red), and from a mixture of all protein samples 
as the internal standard stained with Cy2 (blue). The black-and- 
white scanning images of each stained gel were showed at right 
(Figure 1). The digital images were analyzed using DeCyder 
software. A total of 323 spots were significantly altered in their 
abundance (P^O.05) among all the samples. Compared with the 
corresponding samples of normal tissue, 204 spots showed a 
greater abundance and 209 showed a lower abundance in the 
SCC groups. These protein spots are indicated on the gel images 
shown in Figure 1. 

Differential proteins identified by mass spectrometry 

Among the 323 significantly altered spots detected by 2D- 
DIGE, 96 spots were judged to be valid and selected for further 
identification. Four of the 96 spots were identified by ESI-Q/TOF. 
Following a Mascot database search using the acquired MS data, 
96 spots out of 81 proteins were identified as differentially 



expressed in cancer tissue as compared to benign tissue. Details of 
the experimental findings for protein identification, protein score, 
theoretical pi value, molecular weight, and average relative 
change are shown in Table 1. 

Networks analysis of identified proteins by Ingenuity 
Pathway Analysis 

A total of 81 proteins identified by mass spectrometry were 
analyzed by GO cluster analysis in the PANTHER database in 
terms of their cellular function, biological process, signal trans- 
duction pathway, cell component, and protein class, and a total of 
74 proteins were identified in the database. For the category of 
biological process, the proteins were classified into groups 
consisting of cellular process, localization, transport, cellular 
component organization, apoptosis, system process, reproduction, 
response to stimulus, developmental process, generation of 
precursor metabolites and energy, metabolic process, cell cycle, 
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Figure 4. Expression of apoAl and SAP in lung cancer and normal tissues. (A) Western blot analysis detected expression of apoAl and SAP 
in 20 pairs of lung SCC and adjacent normal tissues. There was low expression of apoAl and SAP in tumor tissues, and the differences in apoAl and 
SAP expression in SCC and normal tissues were statistically significant, P = 0.033 and 0.001 , respectively. (B) (a) Expression of apoAl and SAP in normal 
tissue. Immunohistochemical analysis showed apoAl and SAP as localized in the cell membrane and cytoplasm x200. (b and c) Expression of apoAl 
and SAP in lung cancer tissues x200 and x400. Immunohistochemical analysis showed apoAl and SAP were localized in the peripheral and central 
necrotic tissue of the cancer nest, but only slightly or not expressed in the cancer cells. 
doi:1 0.1 371 /journal.pone.00951 21 .g004 



immune system process, cell adhesion, and cell communication. 
For the category of protein class, the proteins classified into groups 
consisting of protease, cytoskeletal protein, transporter, transmem- 
brane receptor regulatory/adaptor protein, transferase, oxidore- 
ductase, lyase, ligase, nucleic acid binding, signaling molecule, 
enzyme modulator, defense /immunity protein, hydrolase, trans- 
fer/carrier protein, phosphatase, transcription factor, chaperone, 
structural protein, storage protein, isomerase, and receptor 
(Figure 2). 



Validation of selected candidates by 
immunohistochemistry and western blot 

Among the various proteins, two candidates were selected for 
further validation: (a) apolipoprotein A-l (apoAl) and (b) serum 
amyloid P-component (SAP). The selected gel regions (spot 1957, 
apoAl and spot 1854, SAP), and the quantification of these 2D 
spots are shown in Figure 3. The pi and MW of gel spot 1957 were 
5.0 and 30 KD, respectively, and the spot was confirmed to be 
apoAl by MALDI-TOF-MS. The pi and MW of apoAl are 5.56 
and 30.76 KD, respectively, which is consistent with the 2D gel 
position. The pi and MW of spot 1854 were 5.5 and 30 KD, and 
this spot was confirmed to be SAP by MALDI-TOF-MS. The pi 



Table 2. Expression of SAP in 


lung cancer and normal tissues. 










SAP Expression 


Positive rate (%) 


P value 


(-) (+) (++) 


Lung cancer tissue 


94 6 4 


9.62 


0.000 


Normal tissue 


5 2 18 


80.00 





doi:1 0.1 371/journal.pone.0095121 .t002 
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Table 3. Expression of apoAl in lung cancer and normal tissues. 







apoAl Expression 




Positive rate (%) 


P value 




(-) 


(+) 


(++) 






Lung cancer tissue 


89 


7 


8 


14.23 


0.000 


Normal tissue 


4 


5 


16 


84.00 





doi:1 0.1 371/journal.pone.0095121 .t003 



and MW of SAP are 6.1 and 25.49 KD, respectively, which is 
consistent with the 2D gel position. 

Western blot analyses showed low expression of both apoAl 
(P = 0.033) and SAP (P = 0.001) in 20 pairs of SCC tissues, 
compared with adjacent normal tissue (Figure 4A), thereby 
confirming the 2D-DIGE data. 

Immunohistochemical evaluation of 1 04 lung cancer tissues and 
25 normal tissues revealed that the positive expression rates of 
apoAl and SAP were 14.23% (15/104) and 9.62% (10/104), 
respectively, in cancer, and 84% (21/25) and 80% (20/25), 
respectively, in normal tissue (P<0.05) (Table 2 and 3). ApoAl 
and SAP were localized in the cell membranes of the alveolar 
epithelial cells (Figure 4a), as well as the peripheral and central 
necrotic tissue of the cancer nest, but not in the cancer cells 
themselves, (Figures 4b, 4c), which signified low expression in lung 
cancer tissue. Statistical analysis indicated the expression levels of 
apoAl and SAP were not associated with age, gender, differen- 
tiation, T stage, or clinical stage of the disease. 

Expression of apoAl and SAP in serum of lung cancer 
patients 

ApoAl and SAP are secretory proteins, and can be detected in 
the serum. We used ELISA to detect the levels of apoAl and SAP 
in blood serum from 150 lung cancer patients and 150 healthy 
subjects. The serum levels of apoAl and SAP in lung cancer 
patients were 150.70±66.28 ug/mL and 632.00±229.42 ng/mL, 
respectively; for healthy subjects, the corresponding serum levels 
were 68.94±41.08 Ug/mL and 209.39± 127.87 ng/mL, respec- 
tively. These differences in apoAl and SAP levels in the sera of 
lung cancer patients and healthy subjects were statistical significant 
(P<0.01) (Table 4, Figure 5). 



Discussion 

In this study, we performed a proteomic analysis of pulmonary 
SCC and adjacent normal tissues, with the goal of identifying new 
biomarkers for lung cancer. Compared to conventional 2DE, 
DIGE-based proteomics with fluorescence labeling has several 
advantages, including higher sensitivity, reproducibility over a 
linear dynamic range for better quantification, and fewer technical 
variations, because a pooled control is used as an internal 
standard. 

Our proteomic data revealed 413 spots detected by 2D-DIGE 
that were altered in lung cancer tissue compared to benign tissue. 
Among these spots, 323 were significanuy altered in their 
abundance (P^0.05). Compared to the corresponding normal 
tissues, 204 spots were in higher abundance and 209 were at lower 
abundance in the SCC group. Among the significantly altered 
spots, 96 were judged to be valid and selected for further 
identification. Four of the 96 spots were identified by ESI-Q_-TOF. 
Following a Mascot database search using the acquired MS data, 
96 spots of 8 1 proteins were identified as differentially expressed in 
cancer compared to benign tissue. Based on criteria which 
included cellular function, biological process, signal transduction 
pathway, cell component, and protein class, 8 1 proteins identified 
by mass spectrometry were analyzed by GO cluster analysis in the 
PANTHER database. 

Owing to the consistency of statistical results obtained from 
analyses of lung SCC and paired normal tissues (Paired T-test N, 
average ratio, Mascot Score, multipoint repetitive identification, 
protein functions, and bioinformatics analysis), we successfully 
identified several proteins that were definitely involved in cancer, 
including YWHAZ, TPI1, ROCK1, CAT, ENOl, VCR, VIM, 
GSTP, and ANXA2. In addition, in lung squamous carcinoma 
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Figure 5. Expression of apoAl and SAP in sera of lung cancer patients and healthy donors. 
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Table 4. Expression of apoAl and SAP in serum 


of lung cancer patients and healthy d 


onors. 




n 


apoAl (ug/mL| 


SAP (ng/mL) 


Lung cancer patients 150 


150.70±66.28 


632.00±229.42 


Healthy donors 150 


68.94±41.08 


209.39± 127.87 


P value 


0.000 


0.000 
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tissue, we revealed the presence of some proteins of unknown 
function that could be validated as potential biomarkers, including 
HSP90B1, HSPA8, HSPD1, HSPA5, DARS, GAPDH, EEF2, 
RCHY1, NME2, FGB, FTL, APOA1, STXBP4, HIP1, 
GOLGA4, SAP, ERCC4, RABGAP1, AKR1A, PRPF19, CES, 
KCNG4, ANXA5, UBB2C, ZNF101, ZMAT1, ALDOA, ALB, 
and HBD.This is the first report to confirm that the proteins 
DARS, HSP90B1, HSPA8, HSPA5, FGB, STXBP4, GOLGA4, 
ERCC4, RABGAP1, AKR1A, PRPF19, CES, KCNG4, ANXA5, 
TUBB2C, PDIA6, ZNF101, ZNF836, and ZMAT1 are related to 
lung tumorigenesis. 

Furthermore, our bioinformatic analysis showed no results for 
the Mowing proteins: ASB1, ZMYM2, CRYL1, C12 or f28, 
IMMT, TIPF39, RNF169, LRRK2, and NUD17. These may be 
new proteins of unknown function. It is known that most cancer 
cells exhibit increased glycolysis, and utilize this metabolic 
pathway for generation of ATP as a main source of energy. This 
phenomenon is known as the Warburg effect [15], and is 
considered as one of the most fundamental metabolic alterations 
which occur during malignant transformation. It is possible that 
GAPDH, ALDOA, and ENOl may be involved in this process. 
Additionally, VIM and FGB were identified as proteins involved in 
epithelial-mesenchymal transition (EMT), and results of our 
follow-up experiments suggested that GAPDH, ALDOA, and 
eef-2 may also be involved in EMT. 

Overall, our findings supplement current knowledge regarding 
the differential aspects of the lung cancer proteome, and facilitate 
the discovery of potential biomarkers. 

Results of our analysis of the SCC proteome suggest that among 
the 81 proteins identified, serum amyloid P-component (SAP), 
apolipoprotein Al(apoAl), hemoglobin subunit beta (HBB), 
fructose-bisphosphate aldolase A (ALDOA), ferritin light (FTL), 
and huntingtin-interacting protein 1 (HIP1) are secretory proteins 
which can be easily detected in blood serum and may serve as 
biomarkers when screening for lung cancers. Based on factors 
including the average spot volume ratio, a spot's relative 
expression being changed by & 1.5-fold (increase or decrease) by 
being associated with a non-malignant or malignant state, and the 
correlation between the proteins and tumorigenesis as determined 
by information retrieval, we found that SAP was down-regulated 
14.55-fold in SqNT/SqNP, and 3.72-fold in SqMT/SqMP. In 
comparison, apoAl was down-regulated 4.76-fold in SqNT/SqNP 
and 5.2-fold in SqMT/SqMP (Sq: squamous carcinoma; T: 
tumor; P: adjacent normal tissue; N: non-metastasis; M: metas- 
tasis). These differences of expression in tumor and adjacent 
normal tissue were statistically significant. ApoAl is the major 
protein component of high-density lipoprotein (HDL) in plasma 
[16]. Studies conducted in vitro have confirmed that to satisfy the 
requirements for continuous proliferation, malignant tumor tissues 
contain increased amounts of cholesterol, and demonstrate greater 
activity of the rate limiting enzyme hydroxymethylglutaryl 
coenzyme A reductase (HMG-CoA reductase) [17]. We therefore 
speculate that apoAl may play an important role in tumorigenesis. 



SAP is a highly preserved plasma protein synthesized by 
hepatocytes, and the major calcium-dependent specific DNA 
binding protein in blood serum. Jang JS. et al [18] searched 
proteome profiles of human stomach adenocarcinoma tissue and 
found that SAP activity was decreased. These results are similar to 
those in our research; however, we found no reports concerning 
screening of lung cancer tissues to investigate the possibility of 
utilizing these proteins as biomarkers. Therefore, we preferentially 
selected apoAl and SAP for further research to determine their 
possible utility as biomarkers when screening for lung cancer. 

In this study, only 7 cases of lung SCC were examined by 2D- 
DIGE for confirming the reliability of using apoAl and SAP as 
biomarkers. We initially used western blot and IHC analysis to do 
the quantity and location study. The western blot results showed 
that apoAl and SAP were down-regulated in lung squamous 
tissue, which was consistent with our 2D-DIGE results. The results 
of subsequent validation studies conducted using western blot and 
IHC methods demonstrated low expression of apoAl and SAP in 
a significantly higher percentage of lung cancer tissues compared 
to corresponding benign tissues. 

Additionally, we increased the sample size and investigated the 
expression of apoAl and SAP in different types of lung cancer. 
Immunohistochemical evaluation of 104 lung cancer tissue 
sections and 25 sections of normal tissue revealed positive staining 
for apoAl and SAP in the alveolar epithelium, but littie or no 
positive staining in the cancer cells. Expression of apoAl and SAP 
was not correlated with a histological classification of lung cancer, 
and we therefore believe that down-expression of apoAl and SAP 
in lung cancer is nonspecific for squamous cell carcinoma. Our 
IHC study showed apoAl and SAP were highly expressed in the 
peripheral and central necrotic tissue of the cancer nest, but only 
slightly or not expressed in the cancer cells. The western blot 
experiments were conducted using total protein extracts, and the 
results of IHC studies explain the high levels of apoA 1 and SAP 
expression in some tumor tissues. 

Our approach used to identify secretory proteins showed a 
significant differential expression of apoAl and SAP in lung cancer 
patients and normal healthy tissue donors, which might be useful 
when utilizing these proteins as blood serum biomarkers for lung 
cancer. Because of this, the serum samples used in the preliminary 
validation study were obtained from 150 lung cancer patients and 
150 healthy donors. Serum samples from cancer patients were 
obtained prior to surgery, and the patients had not received prior 
radiotherapy or chemotherapy; patients with hyperlipemia were 
also excluded. To minimize the influence of age, sex, and blood 
lipid abnormalities, negative control samples were obtained from 
age and sex-matched healthy donors. The differential expressions 
of apoAl and SAP as determined by ELISA (Table 4) suggest that 
both apoAl and SAP were highly expressed in samples of tumor 
tissue. There was a statistically significant difference (P<0.01) in 
the levels of apoAl and SAP in the sera of cancer patients and 
normal subjects. Similar results were found for different types of 
lung cancer, and the results showed no relationship with 
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histological classification of the tumor. Whereas expression of 
apoAl and SAP was down-regulated in lung cancer as determined 
by 2D-DIGE, IHC, and western blot studies, the results showed 
divergence. We believe such divergence may be related to the 
excretion process of these proteins. Because they are secretory 
proteins, apoAl and SAP can be secreted from tissue into the 
serum, which may lead to their reduced levels in tissue and 
increased levels in serum. This type of excretion process is a 
common phenomenon, and could explain the reason for 
divergence; however, additional studies should be conducted to 
confirm this hypothesis. 

ApoAl is synthesized in the liver and intestine as a prepro- 
protein. As a cofactor of lecithin-cholesterol acyltransferase 
(LCAT), apoAl mediates a process known as "reverse cholesterol 
transport," during which excess cholesterol from peripheral tissues 
is shuttled to the liver, converted to bile salts, and eventually 
excreted from the body. Previous reports concerning Apo have 
mainly focused on its role in cardiovascular and cerebrovascular 
diseases; however, we have recently demonstrated that tumors 
promote their rapid growth by acquiring and consuming as much 
nutrients and energy as possible [19] . The main biological function 
of lipids in vivo is energy storage. Such storage is closely related to 
tumorigenesis, and cancer patients tend to have high blood lipid 
levels [20]. SAP is a highly preserved plasma protein that is 
synthesized by hepatocytes. SAP is named for its ubiquitous 
presence in amyloid deposits, and is also a normal component of 
several basement membranes [21]. We speculate that the high 
levels of apoAl and SAP in serum may be caused by their 
secretion by the liver and not secretion by tumor cells. 

It has also been shown that certain tumor cells can synthesize 
acute phase proteins, such as IL6, to induce other cells to produce 
more apoAl in inflammatory and cancer environments [22]. In 
our study, tissues from 104 cases of lung cancer and 25 normal 
subjects were subjected to IHC analysis, and we found that SAP 
and apoAl showed low expression in tumor cells themselves, but 
high expression in central necrotic tissues of the cancer nest and 
peripheral necrotic tissues. These results may explain the high 
levels of apoAl and SAP in the sera of cancer patients. Although 
the observed high levels of these proteins in the necrotic tissues 
could be artifacts due to non-specific staining, based on the 
literature, we cannot exclude the possibility that the necrotic 
tissues excrete more apoAl and SAP, which could explain their 
high levels in sera. 

Oram J Fet al [23] reported that because apoAl is a main 
component of HDL, its levels are correlated with the presence of a 
tumor. Proliferating tumor cells require large amounts of 
cholesterol to form new cell membranes, and HDLs cannot 
maintain the equilibrium between intracellular and extracellular 

References 

1. Jcmal A, Sicgcl R, Ward E, Murray T, Xu J, ct al. (2007) Cancer statistics. CA 
Cancer J Clin 57: 43-66. 

2. Maurya P, Mcleady P, Dowling P, Clyncs M (2007) Protcomic approaches for 
serum biomarker discovery in cancer. Anticancer Res 27: 1247-1255. 

3. Hoorn EJ, Hoffert JD, Knepper MA. (2006) The application of DIGE-based 
proteomics to renal physiology. Nephron Physiol 104: 61-72. 

4. Alban A, David SO, Bjorkesten L, Andersson C, Sloqe E, et al. (2003) A novel 
experimental design for comparative two-dimensional gel analysis: two- 
dimensional difference gel electrophoresis incorporating a pooled internal 
standard. Proteomics 3: 36^14. 

5. Marouga R, David S, Hawkins E (2005) The development of the DIGE system: 
2D fluorescence difference gel analysis technology. Anal Bioanal Chem 382: 
669-678. 

6. Zhang XZ, Xiao ZF, Li C, Xiao ZQ, et al. (2009) Trioscphosphate isomerase 
and peroxiredoxin 6, two novel serum markers for human lung squamous cell 
carcinoma. Cancer Sci 100: 2396-2401. 

7. Rho JH, Rochrl MH, WangJY (2009) Glycoproteomic Analysis of Human Lung 
Adenocarcinomas Using Glycoarrays and Tandem Mass Spectrometry: 



cholesterol. HDL binds to its cell surface receptors to promote the 
outflow of excess cholesterol, which leads to the low levels of 
cholesterol in cancer patients. Some studies have shown that 
apoAl also plays a role in angiogenesis, which can contribute to 
the pathogenesis of cancer [24]. Yi ZF et al [25] found that a short 
1 1 -amino acid peptide (KV1 1) derived from apoAl inhibits tumor 
growth by regulating cell migration and tumor angiogenesis by 
selectively blocking the VEGF-induced c-Src signaling pathway. 

Some studies have reported the dysregulation of apoAl and 
SAP during tumorigenesis. Bijon Chatterji et al [26] extracted 
proteins from the serum proteome of tumor bearing mice, 
separated them by 2-DE, and analyzed them using MALDI- 
TOF/TOF. They found that SAP was expressed during both the 
early and late stages of cancer. Park SY et al [27] used ESI-MS- 
MS to identify SAP in the plasma of rats with hepatic tumors, and 
confirmed the presence by western blot analysis. These results 
suggest that SAP might play an important role in the tumor 
progression. Jang JS. et al [18] searched the proteome profiles of 
human stomach adenocarcinoma tissue and paired surrounding 
normal tissue by MALDI-TOF, and found that SAP was 
decreased in tumor tissues. Our results obtained from analysis of 
clinical lung tumor tissues, combined with the published results 
described above, confirm the reliability of our data. 

A method for serological monitoring of differentially expressed 
secretory proteins is of great value for tumor screening. In this 
study, we found that concentrations of apoAl and SAP were 
higher in lung cancer patients than in healthy donors, and were 
not correlated with the histological classification or the grading 
system used for lung cancer. Therefore, we believe that patients 
with high levels of apoAl and SAP in their blood serum may 
comprise a group at high risk for lung cancer. Our future study 
will further investigate the roles of apoAl and SAP in lung 
tumorigenesis and the levels of apoA 1 and SAP in the sera of a 
population at high risk for lung cancer, to establish criteria for 
medical surveillance. 

Acknowledgments 

This work is supported by funding from the National Basic Research 
Program of China (973 Program grant 2012CB967003), the Projects of 
Higher Education Department of Liaoning Province of China (grant 
LS2010058, LT2010028) and Dalian City Science and technology project 
(grant 201 1E12SF036, 2010E15SF179). 

Author Contributions 

Conceived and designed the experiments: SS. Performed the experiments: 
HL GL GY OX GZ YX. Analyzed the data: HL SY XL. Contributed 
reagents/materials/analysis tools: ZX XL. Wrote the paper: GL. 



Differential Expression and Glycosylation Patterns of Vimentin and Eetuin A 
Isoforms. Protein J 28: 148-160. 

8. Poschmann G, Sitck B, Sipos B, Ulrich A, Wiese S, ct al. (2009) Identification of 
Proteomic Differences between Squamous Cell Carcinoma of the Lung and 
Bronchial Epithelium. Mol Cell Proteomics 8: 1 105-1 1 16. 

9. Yao H, Zhang Z, Xiao Z, Chen Y, Li C, et al. (2009) Identification of metastasis 
associated proteins in human lung squamous carcinoma using two-dimensional 
difference gel electrophoresis and laser capture microdissection. Lung Cancer 
65: 41^8. 

10. Wittekind C, Compton CC, Greene FL, Sobin LH (2002) TNM residual tumor 
classification revisited. Cancer 94: 2511—2516. 

1 1. Fuhrman SA, Lasky LC, Limas C. (1982) Prognostic significance of morphologic 
parameters in renal cell carcinoma. Am J Surg Pathol 6: 655-663. 

12. Yu LR, Zcng R, Shao XX, Wang N, Xu YH, et al. (2000) Identification of 
differentially expressed proteins between human hepatoma and normal liver cell 
lines by 2 dimensional electrophoresis and liquid chromatography-ion trap mass 
spectrometry. Electrophoresis 21: 3058-3068. 



PLOS ONE | www.plosone.org 



12 



April 2014 | Volume 9 | Issue 4 | e95121 



Differential Proteome Profiling of Lung Cancer 



13. Patel PS, Telang SD, Rawal RM, Shah MH (2005) A review of proteomics in 
eaneer research. Asian PacJ Cancer Prev 6: 113-117. 

14. Mi H, Lazareva-Ulitsky B, Loo R, Kcjariwal A, Vandcrqriff J, et al. (2005) 
PANTHER database of protein families, subfamilies, functions and pathways. 
Nucleic Acids Res 33 (Database issue): D284-288. 

15. Warburg O (1956) On the origin of cancer cells. Science 123: 309-314. 

16. Grundy SM, Vega GL (1990) Role of Apolipoprotcin Levels in Clinical Practice. 
Arch Int Med 8: 1579-1582. 

17. Dcssi S, Batctta B, Pulisci D, Spano O, Anchisi C, ct al. (1994) Cholesterol 
content in tumor tissues is inversely associated with high density lipoprotein 
cholesterol in serum in patients with gastrointestinal cancer. Cancer 73: 253— 
258. 

18. Jang JS, Cho HY, Lee YJ, Ha WS, Kim HW (2004) The differential proteome 
profile of stomach cancer: identification of the biomarker candidates. Oncol Res 
14: 491^99. 

19. Gao YH, Zhang Y, Tian YP, Xiang R. (20 1 0) Analysis of Scrum Lipid Levels in 
Patients with Cancer. Labeled Immunoassays and Clinical Medicine 17: 277- 
280. 

20. Rong JX, Li J, Reis ED, Choudhury RP, Dansky HM, et al. (2001) Elevating 
high-density lipoprotein cholesterol in apolipoprotcin E-dcficicnt mice remodels 
advanced atherosclerotic lesions by decreasing macrophage and increasing 
smooth muscle cell content. Circulation 104: 2447-2452. 



21. Zahedi K (1997) Characterization of the binding of serum amyloid P to laminin. 
J Biol Chcm 272: 2143-2148. 

22. Augustc P, Lemicrc S, Larrieu-Laharguc F, Bikfalvi A (2005). Molecular 
mechanisms of tumor vascularization. Crit Rev Oncol Hematol 54: 53-61. 

23. Oram JF, Johnson CJ, Brown TA. (1987) Interaction of high density lipoprotein 
with its receptor on cultured fibroblasts and macrophages. Evidence for 
reversible binding at the cell surface without internalization. J Biol Chcm 262: 
2405-2410. 

24. Shcn L, Zhu X, Wang Y, Zcng W, Wu G, ct al. (2008) Secreted human 
apolipoprotein (a) kringle IV- 10 and kringlc V inhibit angiogenesis and 
xenograftcd tumor growth. Biol Chcm 389: 135—141. 

25. Yi ZF, Cho SG, Zhao H, Wu YY, Luo J, ct al. (2009) A novel peptide from 
human apolipoprotcin (a) inhibits angiogenesis and tumor growth by targeting c- 
Src phosphorylation in VEGF-induccd human umbilical endothelial cells. 
IntJ Cancer 124: 843-852. 

26. Chattcrji B, Borlak J (2009) A 2-DE MALDI-TOF study to identify disease 
regulated serum proteins in lung cancer of c-myc transgenic mice. Proteomics 9: 
1044-1056. 

27. Park SY, Phark S, Lcc M, Zheng Z, Choi S, ct al. (2010) Evaluation of plasma 
carcinogenic markers in rat hepatic tumors models induced by rat hepatoma NI- 
SI cells and bcnzo[aJpyrcnc. Arch Pharm Res 33: 247-255. 



PLOS ONE | www.plosone.org 



13 



April 2014 | Volume 9 | Issue 4 | e95121 



